Characteristic dermatologic lesions of naturally occurring and iatrogenic canine hyperglucocorticoidism have been well documented, and include any combination of bilaterally symmetric alopecia, thinning of the epidermis, skin hyperpigmentation or depigmentation, comedones, phlebectasia, and calcinosis cutis. 20 Other generalized signs reported in affected animals include polydipsia, polyuria, muscle weakness, hepatomegaly, and myopathies. Although calcinosis cutis in its broadest definition can encompass all forms of calcium deposition, it is most commonly used to denote the specific pattern of dystrophic calcification associated with hyperadrenocorticism or iatrogenic hyperglucocorticoidism. 8 The mechanism of this process has not been completely elucidated, but it involves phase transformation of calcium and phosphate ions from solution into crystalline aggregates, with deposition upon the matrices of dermal collagen and elastin under the influence of cellular factors. 3, 8 The collagen fibers in these cases are variably mineralized, and root sheaths may also be affected. 8, 20 The deposition of minerals in calcinosis cutis is often not associated with areas of inflammation and, when observed, typically consists of a histiocytic foreign-body-type reaction. In contrast, several dermatologic conditions of humans known as metaplastic ossification, primary or secondary osteoma cutis, plate-like osteoma, and acquired cutaneous osteomatosis are characterized by metaplastic bone formation in the dermis, where osteoid formation occurs with or without collagen mineralization. 2, 4, 7, 10, 12, 15, 18 Some of these syndromes are idiopathic, while others have been associated with a variety of predisposing factors, including acne vulgaris, systemic metabolic illness, dermal surgery, and chronic irritation. 1, 12, 15, 17, 18 Reported here are 2 cases of widespread dermal osseous metaplasia in dogs with evidence of iatrogenic hyperglucocorticoidism that share histologic features with human cases of metaplastic ossification.
(normal ranges given in parentheses throughout) included 901 U/liter (Ͻ141 U/liter) alkaline phosphatase and 258 U/ liter (Ͻ85 U/liter) ALT. The urine specific gravity was 1.016, and thyroid levels were low, with 3 nmol/liter (15-50 nmol/ liter) T3 and 0.6 nmol/liter (1.0-2.5 nmol/liter) T4. The baseline serum cortisol was less than 2 nmol/liter (10-160 nmol/liter) and after stimulation with 1 U/lb Porcine Gel ACTH, the cortisol remained below 2 nmol/liter. Skin biopsy specimens were taken from 5 sites along the back and sides of the trunk including the midscapular area, the dorsal midline along the lumbar and lumbosacral spine, the ventral abdomen, and the right lateral side caudal to the last rib. Samples including areas of alopecia, ulceration, and pustules were submitted for histopathology. Microscopic examination of skin revealed mild acanthosis and follicular hyperkeratosis with comedones. There was moderate pilosebaceous atrophy. Scattered intracorneal pustules were present, and a severe multifocal lymphohistiocytic inflammatory infiltrate surrounded adnexa and follicles and formed multifocal aggregates in the superficial and deep dermis. Ulcerated sections had a primarily suppurative inflammatory response in the exposed dermis. Multifocal spicules of osteoid or mineralized lamellar bone lined by osteoblasts and osteoclasts were found in 12 of 14 sections from 5 sites ( Fig. 1 ). Some of these osseous foci contained centrally located bone marrow elements or haversian canals containing blood vessels. Many bone spicules were surrounded by mild-to-moderate fibrosis, and associated mixed inflammation varied from minimal to moderate. Values for serum factors involved in bone metabolism were also normal including 5 pmol/liter (2-13 pmol/liter) parathormone, 10.7 mg/dl (9-11 mg/dl) serum calcium, and 6.8 mg/dl (2.8-7.0) phosphorous. Ionized calcium was also within the normal range with a value of 1.3 mmol/liter (1.25-1.45 mmol/liter). Bacterial culture of the pustules and ulcerated skin demonstrated Staphylococcus intermedius and Staphylococcus aureus, consistent with several previously performed cultures. Further consultation with the dog's owner concerning previous veterinary therapy revealed a 1½-year history of monthly injections of 100 mg methylprednisolone acetate for suspected flea allergy dermatitis. From the history and clinical data, iatrogenic hyperglucocorticoidism and chronic bacterial pyoderma were suspected. The widespread osseous metaplasia was considered to be potentially related to the endocrinopathy, but the distinctive features of the lesion were not typical of calcinosis cutis. A liver biopsy was performed to help confirm the diagnosis. Histologic examination revealed marked, multifocal coalescing midzonal and often centrilobular hepatocellular vacuolar degeneration characteristic of steroid hepatopathy. Staining of the liver sections with PAS ϩ/Ϫ diastase demonstrated intracytoplasmic glycogen accumulation surrounding the large lipid vacuoles. Based on the presence of suggestive hepatic lesions, a clinical history of chronic high- dose corticosteroid administration and prolonged polyuria/ polydipsia, markedly elevated serum alkaline phosphatase levels, mildly subnormal thyroid profile, and low endogenous cortisol levels, a diagnosis of iatrogenic hyperglucocorticoidism was made. The referring veterinarian treated the animal for several months with successive courses of antibiotics. After 7 months of treatment, the dog's skin condition continued to worsen, and the owner elected euthanasia.
Necropsy revealed extensive skin lesions similar to those found on the initial biopsies, including multifocal ulcerated areas of skin and thick hard nodular plaques throughout the trunk, hips, and shoulders and extending along the neck to the dome of the head. Pustules and macules were not a significant feature at this time. Large foci of osteoid and mineralized bone were found in sections taken from the skin of the back and hip area. No increase in osteoclastic activity or demineralization was identified in sections when they were compared with biopsies taken 7 months earlier, and the distribution of lesions was not noticeably different from that of the earlier biopsies. The liver had mild vacuolar hepatopathy, but the lesions were more diffuse and the lipid vacuoles were much smaller than those of the earlier liver biopsy. Examination of the adrenal gland revealed only minimally recognizable thinning of the zona fasciculata and zona reticularis in the adrenal cortex, and no evidence of nodular hyperplasia, neoplasia, or significant atrophy. The pituitary, parathyroid, and thyroid glands were grossly and microscopically normal, as were other organs including multiple sections from bones of the appendicular skeleton. No evidence of metaplastic bone was identified in any of the internal organs.
A 6-year-old female Labrador Retriever with a 2-3-year history of chronic poorly responsive dermatologic problems had been treated with prednisone 20 mg per os daily and repeated courses of antibiotic and topical therapy for over a year. Areas of generalized alopecia and markedly thickened skin were present on the face, dorsal and ventral thorax, and abdomen and along the sides of the neck. Pustules were apparent on the face and abdomen, and rarely along the back. Skin scrapings and dermatophyte cultures were negative. Multiple skin biopsies taken from 5 locations from the dorsal thoracolumbar and lumbosacral areas and left lateral thorax revealed hyperkeratosis and acanthosis with thickened rete pegs extending deep into the underlying dermis. The thickened stratum corneum had multifocal ulcerations covered with serocellular crusts. Multifocal areas of collagen were mineralized and surrounded by intense aggregates of plasma cells, lymphocytes, macrophages, and rare multinucleate giant cells, compatible with calcinosis cutis. Multiple areas of osseous metaplasia were present throughout the dermis of most sections, with bone spicules and osteoid surrounded by a prominent layer of osteoblasts and occasional osteoclasts (Figs. [2] [3] [4] . Marked accumulation of immature and maturing granulation tissue was present, surrounding bony and mineralized foci. Areas of collagen mineralization (calcinosis cutis) tended to be superficial and separate from deeper areas of osseous metaplasia. Bacterial culture of the ulcerated ar- Results of hematologic and serum chemistry values were generally similar to the previous case. Abnormalities included 5,190 U/liter (Ͻ141 U/liter) alkaline phosphatase and 107 U/liter (Ͻ6 U/liter) GGT. Baseline serum cortisol was 3.22 nmol/liter (10-160 nmol/liter). Cortisol levels barely increased into the normal range with administration of synthetic ACTH: 11.9 nmol/liter. The serum calcium, phosphorous, and parathormone levels were within normal ranges. The serum ionized calcium was just under normal at 1.18 mmol/liter (1.25-1.45 mmol/liter). The T3 and T4 levels were also just below normal values at 13 and 0.9 nmol/liter, respectively (15-50 nmol/liter, 1.0-2.5 nmol/liter). Liver biopsy demonstrated marked, multifocal centrilobular-to-midzonal vacuolation of hepatocytes and perivacuolar glycogen accumulation consistent with a steroid hepatopathy ( Fig. 5 ). Based on the history and laboratory values, iatrogenic hyperglucocorticoidism was considered the most probable diagnosis. The dog was euthanized at the request of the owners 6 weeks after treatment that included abrupt corticosteroid withdrawal, chlorhexadine shampoos, hydroxyzine HCl (50 mg PRN t.i.d.) and cephalexin (1 g PO b.i.d.) had failed to visibly improve the dog's condition. At the time of death, the referring veterinarian collected skin biopsies from multiple sites including the face, neck, shoulder, and trunk for histopathologic examination. The distribution and morphol-ogy of the lesions were generally compatible with the earlier findings. Dermal osseous metaplasia was still prominent, and there was no observable increase in osteoclasia. The biopsy sites encompassed alopecic areas, pustular areas, and nodular thickened lesions. Calcinosis cutis was found again in su-perficial areas of the dermis, and epidermal hyperplasia with ulceration was common. These 2 cases generally share similar histories and clinicopathologic and histologic findings. They also share some distinct features not usually associated with lesions of calcinosis cutis. The multifocal presence of well-differentiated bone and osteoid associated with a rim of lining osteoblasts and osteoclasts were observed in both cases. In the dermal lesions of 1 dog, bone marrow elements were also identified. While the first case lacked characteristic features of calcinosis cutis, in the second case, there were multiple foci of mineralization along collagen and elastin fibers typical of the syndrome. This mineralization of soft tissue was found in separate, superficial areas when compared with the cutaneous bone formation (Fig. 2) . Small foci of osseous metaplasia have been anecdotally reported in chronic calcinosis cutis, 8 but the cases presented here are unique in that widely distributed islands of bone were present throughout the skin. The only previous mention of osseous metaplasia in cases of hyperglucocorticoidism has been limited to anecdotal references in dermatology texts. 8, 13 The morphologic features of mature bone described here have not been reported in detail in any comprehensive pathological reviews of cases of hyperadrenocorticism. 20 In both canine cases, osseous metaplasia did not significantly resorb with corticosteroid termination and was present at necropsy months later. Metaplastic bone formation in humans is also not expected to regress, 2 and experimentally induced dermal osseous metaplasia of mice remains long after the stimulus for its formation is removed. 16, 21 In contrast, previous reports suggest that cutaneous lesions resulting from iatrogenic hyperglucocorticoidism, including calcinosis cutis, usually regress within 2 to 4 months after discontinuance of corticosteroid therapy. 13 This suggests that the presence of disseminated cutaneous osseous metaplasia may be a complicating factor in the resolution of dermal lesions of hyperglucocorticoidism when compared with the more characteristic collagen mineralization of calcinosis cutis. It is unknown whether the persistence of the bone in the skin had a significant effect on the overall lack of improvement in the dog's appearance after corticosteroid withdrawal.
Cutaneous metaplastic ossification occurs in several separate but similar human dermatologic syndromes. Osteoma cutis is a condition of humans in which disseminated foci of osseous metaplasia arise in the dermis of patients. 2, 7 Although the name of the disease is a misnomer (since the disease is nonneoplastic), it can be progressive and can affect large areas of skin on the body, including the face. 17 Several different classification schemes of osteoma cutis exist, and the literature dealing with humans has many overlaps and inconsistencies in nomenclature. Osteoma cutis is generally divided into primary (hereditary or congenital) and secondary (acquired) types. 2 Secondary osteoma cutis (which is more common) may arise as a sequela to a number of underlying dermatologic or systemic conditions, including acne vulgaris, dermatomyositis, scleroderma, and hypoparathyroidism. 2, 17 Some authors prefer to use the term ''metaplastic ossification'' for some of the secondary types. 10 Histologic lesions described in cases of human primary or secondary osteoma cutis are remarkably similar to the canine cases presented in this report and include osseous metaplasia with or without accompanying collagen mineralization. 2, 4, 17 Both primary and secondary osteoma cutis have been further subdivided into single (solitary) and multiple types. Multiple forms can occur with a miliary distribution involving large areas of the body, or, in some forms, it may be confined to a general location such as the face or scalp. 7 The unifying feature in these conditions is the presence of dermal metaplastic bone, but they vary in distribution and presence of other accompanying lesions. There is currently no known effective treatment for the miliary types. 19, 20 Clinical trials using isotretinoin or diphosphonate (etidronate disodium) have been largely unsuccessful. 1, 7, 19 Current modes of therapy involve dermabrasion and/or surgical excision of focal nodules. 6, 19 These 2 cases share many features with the human syndromes of metaplastic ossification, including histologic morphology, the presence or chronic history of inflammation, and lack of improvement with medical therapy. Although the presence of small foci of bone have been identified in skin lesions in severe cases of calcinosis cutis, 8 no previous reports of generalized osseous metaplasia as found in these 2 cases have been described in the veterinary literature. A case of cutaneous osteoma in a cat has been reported, but this lesion was considered to be neoplastic. 9 Idiopathic calcinosis universalis has been described in young dogs, but this condition involves mineralization rather than true osseous metaplasia. 13 Dystrophic dermal mineralization has also been induced in dogs after administration of steroid hormones. Calcinosis circumscripta can occasionally occur in multiple sites and have small foci of osseous formation, but the primary lesion is one of mineralization rather than metaplasia, and the morphologic features of the lesion are distinctive.
The pathogenesis of the osseous metaplasia in these cases is unknown. Although the dermal bone could have arisen as an idiopathic spontaneous event, the coincidental presence of chronic inflammation and iatrogenic hyperglucocorticoidism in both dogs suggests that the metaplastic bone formation was related to one or both conditions. Since rare foci of bone have previously been found with calcinosis cutis, an effect of hyperglucocorticoidism similar to the mechanism of pathogenesis in calcinosis cutis may be responsible. However, such a mechanism is likely to be indirect, since glucocorticoids are known to increase, rather than decrease, bone resorption and decrease serum calcium values. 20 The rarity of the generalized lesion could suggest that inherent host factors in these 2 dogs may also have had a role in the exaggerated osseous response. Paradoxically, calcinosis cutis is not a feature of the dermatologic lesions of humans with hyperglucocorticoidism. 15 The possibility that inflammation could play a role in metaplastic bone formation is supported by the common association of preexisting inflammation in the human syndromes with osseous metaplasia. 17 Inflammation found at the time of biopsy in these 2 dogs was probably associated with both chronic pyoderma and response to mineralization. Calcinosis cutis may be associated with secondary inflammation; 8 however, in both of these cases, severe dermatitis was reported in the dogs' records at the time of initiation of prolonged corticosteroid therapy. Thus, chronic inflammation derived from either calcinosis cutis or unrelat-ed dermatitis could have had an effect on the development of osseous lesions.
Mammalian bone development is dependent on the action of specific growth factors including transforming growth factor-␤, fibroblast growth factors, connective tissue growth factor, and the bone morphogenetic proteins (BMPs). 11 Inflammatory cells in the dermis produce a number of these growth factors, and these peptides can operate in cascade fashion, amplifying the production of other factors and initiating various pathways of inflammation and repair. 5 Transforming growth factor-␤ has been found in large quantities in inflammatory disorders of the skin, 5 and this factor has been associated with induction of BMP expression. In situ hybridization of human cases of osteoma cutis revealed high levels of transforming growth factor-␤ in fibroblasts surrounding bony lesions. 14 Ultrastructural and immunohistochemical analysis demonstrated that these fibroblasts were undergoing differentiation into osteoblastic cells. 14 In addition, injection of some of the BMPs (BMPs 2, 4, 6, and 7) into the dermis of animals can produce foci of osteoid and mineralized bone that resemble the lesions of osteoma cutis. 16, 21 It could be speculated that the pathogenesis of osseous metaplasia might involve growth factor over expression by dermal inflammatory cells at sites of chronic inflammation where a concurrent process of dystrophic mineralization of collagen (calcinosis cutis) is occurring. This could result in fibroblast differentiation to osteoblasts and production of osseous matrix at the site of calcium and phosphate ion crystallization. These 2 cases resembling human syndromes of miliary dermal osseous metaplasia represent an uncommon triad of lesions encompassing widely disseminated dermal metaplastic bone formation, chronic ulcerative and suppurative dermatitis, and endocrinopathy due to iatrogenic hyperglucocorticoidism. The osseous metaplasia may represent a distinct syndrome or a peculiar variant of calcinosis cutis. If metaplastic bone is found in skin biopsies from dogs with chronically inflamed skin, our findings suggest that those dogs should be tested for possible iatrogenic hyperglucocorticoidism should the history warrant it.
